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(57) In a method of forming an image on a silver hal- 
ide photosensitive material with a plurality of exposing 
elements aligned in the form of at least a single line, 
wherein each recording element is driven so as to con- 
duct an On-Off exposure independently, light amount 
data for each exposing element is obtained on the con- 
dition that plural pieces of exposing elements are being 
driven and the exposure amount of each exposing ele- 
ment is corrected on the basis of the correction value 
calculated based on the image data. 
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BACKGROUND OF THE INVENTION 

Conventionally, the importance of gradation is well known in order to reproduce a hioh oualitv imaao qm™ „„ 
E^Sf^^ !^ densrty .s alnr^st unrfortn. such as the moderate gradation in tt>© corrtast in the ST^Iara^I 
array «g*s*our^ 

at low cost with a small sized anna™** ^ * t0 COnducl ,mage tormat,on * hi 8" speed and 



at low cost with a small sized apparatus. 

For example, the following methods are well known 
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2t S r B e ^^ eth0d Wit !l N9ht int6nSity or the li9ht emission Period per one time of each element in 
the array light source rs changed independently in accordance with the gradation level 

SUMMARY OF THE INVENTION 

The above objective can be attained by the following structures 
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In structure 1 -2, in an image forming apparatus in which a plurality of recording elements (exposing elements) which 
are aligned in the form of a single line or plural lines and can be driven On-Off independently is driven On-Off plural 
times by the combination of the same or different time periods in accordance with image data so that exposure is con- 
ducted on a silver haiide photosensitive material, the apparatus conprises control means for obtaining light amount data 
5 for each recording element on the condition that plural pieces trf the recording elements are being driven, for obtaining 
a correction value for an exposure amount of each recording element on the basis of the light amount data, and for 
correcting the recording elements on the basis of the correction value. 

With the above structures, on the condition that a plurality of reoorcfing elements are driven in which the condition 
is close to an actual image recording condition, a light amount is obtained and the correction is conducted, whereby the 
io density unevenness caused by the deviation of the light emission characteristics of each recording element can be 
reduced, a high resolution continuous gradation image can be obtained and a high quality image can be formed, without 
resulting in a complicated apparatus on high cost in comparison with cases where a light amount is measured and the 
correction is conducted on condition that each element is controlled to emit light one by one and in which the condition 
is different from the actual image recording condition. Incidentally, the plurality of recording elements arranged in the 
is array form includes a staggered arrangement 

jn Structure 2-1, in an image forming method in which a plurality of recording elements which are aligned in the 
form of a single line or plural lines and can be driven On-Off independently is driven On-Off a plural number of times by 
the combination of the same or different time periods in accordance with image data so that exposure is conducted on 
a silver haiide photosensitive material, light amount data are obtained for each recording element on the condition that 
20 plural pieces of the same kind of recording elements of the recording element to be obtained the light amount are being 
driven, and a correction value for an exposure amount of each recorcfing element is obtained on the basis of the light 
amount date. Further, in Structure 2-2, in an image forming apparatus in which a plurality of recording elements which 
are aligned in the form of a single line or plural lines and can be driven On-Off independently is driven On-Off a plural 
number of times by the combination of the same or different time periods in accordance with image data so that exposure 
25 is conducted on a silver haiide photosensitive material, the apparatus comprises control means for obtaining light amount 
data for each recording element on the condition that plural pieces of the same kind of recording elements of the recording 
element to be obtained the light amount data are being driven, for obtaining a correction value tor an exposure amount 
of each recording element on the basis of the light amount data, and for correcting the recording elements on the basis 
of the correction value. 

30 With the above structures, as shown in Figs. 13(a) and 13(b), in the case of the same kind of recording element of 
the recording element which is used in the image formation, that is, in cases where the light emission characteristic 
pattern of each element are similar to each other, the correction amount can be obtained with the use of the same kind 
of recording element of the recording element which is used for the image formation. 

In Structure 3, the exposure of the silver haiide photosensitive material is conducted on the condition that the plurality 

35 of recording elements are driven, and light amount data are obtained by measuring the density of the exposed photo- 
sensitive material. 

With the above structure, since the correction value is calculated from the density measurement value, the density 
measurement values can be handled as light amount data on a condition equal to the condition that the recording 
elements are driven so as to actually output an image, and the correction value can be obtained in the end output form 
40 of the density including the influence of the multi-exposure effect by the plural time exposure and an intermittent exposure 
effect. Whereby a far better image without density unevenness can be obtained. 

In Structure 4, the relationship between the density data and the light amount data is obtained so that the density 
data are converted into light amount data and the correction value of the exposure amount of each recording element 
is obtained. 

45 With the above structure, the relationship between the density measurement value and the light amount in the total 
fight emission time of the plural time exposures in which the exposure is conducted plural times is obtained and the 
density measurement value is converted into the light amount so that the correction value is obtained. By this measure, 
the discontinuity taking place during the plural time exposures in relationship between the emission time and the density 
can be corrected more precisely, the density unevenness caused by the influence of the discontinuity can be eliminated 

so moreprecisely, andafarbetterimagewithlessdensity unevenness can be obtained. Incidentally, herein, the discontinuity 
in the gradation means an irregularity which is caused by the responding characteristic of the light source and the 
photosensitive material during the plural time exposure. In particular, when the control with which the exposure is con- 
ducted on the basis of the correction value, the density is measured, and a correction value is obtained again is repeated, 
the consideration of the relationship between the light amount and the density is preferable, because the convergence 

55 ability is further enhanced. 

In Structure 5. the plural pieces of the recording elements are driven simultaneously so as to emit light and the 
exposure amount is measured, whereby the light amount data are obtained. 

With the above structure, since the light amount data are obtained directly, the control can be simplified. In addition, 
the measurement value measured on the condition becomes the data of the unevenness conspicuous portion on a 
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image data is latched by £ ^Iteh^reTcS^^noT^ * ^ * 

on the basis of the enable sicnai aJn^Zt^ZT recordin9 ****** » drrven respectively by the driving means 

the lime ^TZT^ZT * ^es so as to conduct On-Of. recording plural times in accordance *th 

canbe<^u*edsothatahi^^ 

In Structure 9. the driving n^ns c3ul^^^^^ ? , t0 06 complicated or at high cost 

ration of the characters' oSSe^ ~'° r P^ensitive material with the utiD- 

orata highcost awern ^ephotosereiWematenal wrthoutcausrng the apparatus to be complicated 

positional registration for each color F,,^r3!l ^ f ,0 be compllcated and a hl 9h cost for the purpose of the 
l^positiona^^^^^ 

registration of each color are r^S ^e^^^ 
abj^r^ 1 ^^^^^ 

gradation canbe reduced rawum,luoreKertt ^^ or the Iquid shutter array, the disc^^ 

anddrfces each recording element SSatT 68 '^^^ 
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With the above structure, the enable signal corresponding to the density value of the image data can be set without 
causing the apparatus to be complicated and a high cost 

In Structure 13, the driving means drives each recording element individually so as to conduct On-Off record with 
each time width of 2 n T+t of the enable signal, wherein V is either 0, 1 . 2, • • • ■ which is a bit number in the time 
5 that each time width of the enable signal is converted in a digital value in accordance with the gradation of image data, 
~T is a unit of time, T is a negative or positive value of a predetermined time. 

With the above structure, since the time period of the enable signal can be adjusted respectively by increasing or 
decreasing T, a smoother gradation recording can be conducted. 

In Structure 14, each time width of the enable signal generated by stages is made constant, the driving means 
w drives each recording element individually so as to conduct On-Off recording by the number of times of the value of the 
image data. 

With the above structure, the apparatus can be a simpler structure and similar gradation recording can be realized by 
a simpler structure. 

In Structure 15, the enable signal generating means changeably sets the predetermined time width of the enable 
is signal generated by stages. 

With the above structure, since the time period of the enable signal can be finely adjusted, the gradation character- 
istics can be adjusted in accordance with the output characteristics of the apparatus. 

In Structure 16, the plurality of recording elements are aligned in the array form of a single iine or plural lines, the 
ratio of the exposure size of a single recording element in the aligned direction to the recorcfing pitch in the aligned 
20 direction is 0.7 to 1.2. Herein, the exposure size does not means the size the formed image after the recording, and 
means the size of exposing optical image of a single recording element on the surface of the recording medium. 
With the above structure, more continuous gradation characteristics can be obtained. 

in Structure 17, the plurality of recording elements are aligned in the array form of a single line or plural lines, the 
ratio of the exposure size of a single recording element in the vertical direction with regard to the aligned direction to 
25 the recording pitch in the vertical direction with regard to the aligned direction is 0.3 to 1.0. 
With the above structure, more continuous gradation characteristics can be obtained. 
In Structure 18, in the case that the plurality of recording elements are aligned in the array form of a single iine or 
plural lines, the exposure size of a single recording element in the vertical direction with regard to the aligned direction 
is defined as "A", the recording pitch in the vertical direction with regard to the aligned direction is defined as "B", and 
30 the ratio of the time period from the start of light emission to the completion of light emission for a single line to the 
recording time cycle for the single line is defined as the recording is conducted so as to satisfy the following formula: 

0.8s(A/B + C)s 1-3 

35 With the above structure, more continuous gradation characteristics can be obtained. 

In Structure 19, in the time of the gradation recording conducted by stages, an interval time period between each 
enable signal in which the enable signal is in a rest condition is set more than 2 micro-seconds and then the recording 
is conducted. 

With above structure, since the influence of the light emission history may be reduced by the just-before enable 
40 signal, it becomes possible to control the gradation characteristics with the time width of the enable signal. Especially, 
in cases where the exposure is conducted while moving, the spread of dot is widened so that unevenness caused in 
the time of area modulation can be reduced. 

In Structure 20, shift control means is provided for conducting shift control in such a manner that shifting and stopping 
of the silver halide color photosensitive material is repeated in the vertical direction with regard to the aligned direction 
45 of the recording elements, and the recording is conducted with the use of the exposure more than 50 % of the time 
period from the start of light emission to the completion of light emission of the recording elements for a single iine while 
the silver halide color photosensitive material is shifting on the basis of the shift control by the shift control means. 

With the above structure, since the exposure is conducted while conducting the shifting, the density in the dot region 
can be unified and the responding ability in the gradation control can be improved. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is view showing an outline structure of an image forming method of one embodiment of the present invention. 
. Fig. 2 is a view explaining an operation of writing image data in a printing head of the embodiment of the present 
55 invention. 

Fig. 3 is a detailed block diagram of a printing head control section of the embodiment of the present invention. 
Fig. 4 is an outline block diagram of a correction data processing section of the embodiment of the present invention. 
Fig. 5 is a timing chart of an output signal from the printing head control section of the embodiment of the present 
invention. 
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Fig. 6 is a view showing the size of a pixel exposed in a printing paper in the embodiment of the present invention 

Seslrt SSS indiCating a " ^ 8i0na ' ^ Prirtin9 h6ad oonW 8ecBon 01 *• embodimert <* •» 
Fig. 8 is a view Rowing density characteristics of the embodiment of the present invention 
Fig. 9 is a view showing density characteristics of the embodiment of the present invention' 
Fig. o is a view showing density characteristics of the embodiment of the present-invention 
Fig. 11 is a diagram showing a peak point in the density data accumulating region 
Pig. 12 is a diagram showing the light amount change-ratio in a single chip 
Figs. 13(a) and 13(b) are diagrams showing examples of similar characteristics. , 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Hereinafter, the embodiment of the present invention will be explained with reference to the drawinos The embod- 
.mem is only one example of the present invention, and the present invention is not limited 31 

rhJlL'T Tl* V !T Sh0Win9 3 Mre ° f an ima ° e method. A o^ZSSSSSS^tmm 2 

(hereinafter simply referred to printing paper) of a silver halide color photosensitive materia 3awn JSSIS!i 

"J"*' 6 Pnnting Paper 2 is conveyed in the arrowed direction, a red color light source printing head 30a a 

*™TL ^h 801 "" 6 r 1 " 19 ^ 3 ° b and a Wue "~ ,isW source P""«"9 head 30 c are s^eZ to an etiure 
control in accordance with image data by a printing head control section 40 so that rennirln Z, 1 *°^ re 
paper 2 are sequentially exposed for each color and a latent imaged ootor S? h "SS ST^ST? 
Ater the exposure process has been completed in the above manner, the printing p^aTS^TlJSK 
process by the supporting drum 1 in order to be subjected to the next process dfwelopmg 
Incidentally, an array light source in which recording elements are arranged in a sinole line or mumi linoe ie ..«>h 
for each printing head. For more detail, a LED light source which is general* u« Ik 2£ fer ta TiSlorS 
source pnnlng head 30. and a vacuum fluorescent printing head or Vacuum Ruorescert ftH^ihlZ?£^ 9 J 
referred to VFPH) which is easily su* ected to color separation by a Sort £ STE^E^S* 
h ^i^n a'^*?"''^^ adopted for the green color light source printing head 30b and thet^ue OTlor^lolft rou^ce Dr^n^n 
head 1 30c. As for the printing paper 2. it was explained as being in the form of a rSn nSmZ ffnSSlSSTS 
^»eo«herform^^^^ 

„«^!? Mr ^Tr^. MiSdiS ^^ Beforetherecoidino 

In Fig. 2, when the printing head control section 40 receives imaae data showinn the nrartat,™ «♦ » a ,h — .« 
ponent with a digital value of 8 bite, the printing head corrtro. SSSZ^^T^ 
amount ESEF T: T 0 " ^ data into S^ZS S££2£JE 

Z to . ? £ Xe, i for 630,1 reCOrdin9 e,eme,1, • senerates 8 set P" 156 si 9"al to transport bit data SIS 

data to a latch arcurt 32 and an enable signal to control the light emitting time, and outputs he2 2? £ 

.s completed. Incidentally, the operation for one color vras explained above, the operation for three colors is conduct^ 
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in the same way of the above operation. Incidentally, the operation order for bits may be conducted from LSB to MSB 
or in the other order. The operation order is not limited to the above example. 

VFPH which has the light emission characteristic for green component and blue component is provided with an 
unillustrated color separation filter for each of green and blue beneath the Seffoc lens array 35. Since the printing head 

s control section 40 conducts the recortf ng control in such a manner that exposure timing of each of the three sets of 
printing heads is delayed one after another so as to record image data transmitted for each color on the required position 
on the conveyed printing paper 2, the color image can be recorded properly. A yellow filter may be used as the fitter for 
a green light source instead of a green f flter. The printing head control section 40 conducts the recording control for the 
printing head 30 so that 50 % or more of the recording amount of one line is conducted while the printing paper 2 is 

w shifting by the supporting drum 1 , whereby the recorded image is continued between lines. As a result the occurrence 
of uneven images can be avoided and smooth continuous gradation can be attained by the density modulation. 

Incidentally, the LED array and VFPH are adopted in the present embodiment However, instead of them, a combi- 
nation of light emitting member and a shutter array (liquid crystal shutter array, PLZT shutter array, etc.), a laser array 
(LD laser array, etc.) in which lasers are aligned, may also be used in a proper combination. Further, as photosensitive 

75 material used for the exposure process, the photographic color printing paper 2 including silver chloride was used. 
However, if the silver halide photosensitive material is a so called low contrast recording medium with which an image 
density can be controlled by the area modulation, such the low contrast recording medium may be used in the present 
embodiment. Also, if an array suits the color sensitivity of the photosensitive material, the array may be used in the 
present embodiment. In the case of the color recording, a three color control in which light sources for three colors are 

20 arranged on a single printing head may also be conducted. 

An LED array made of a material such as GaAl As or GaAsP is a high light emission efficiency element in comparison 
with the other LED array. Specifically, an LED array which has a sharp peak in the 650 nm to 680 nm range of the emitting 
wavelength can selectively expose the red light sensitive layer of the silver halide photosensitive materia) with high 
efficiency. Further, since it may be possible to conduct On-Off control at high speed on the order of several nano seconds. 

25 the LED array especially suits severe exposure time control. 

Since light emission is caused in a wide spectral region extending from blue light to green light by a single kind of 
phosphor material in VFPH. a blue sensitive layer and a green sensitive layer of the silver halide color photosensitive 
material can be selectively exposed with the combination of VFPH and a color filter. 

Further, in VFPH using oxidized zinc phospher (ZnOiZn), since the light emission efficiency is relatively high and 

30 temperature change during light emission is small, the shift of the peak wavelength of the emitting light caused by the 
temperature change is small and the exposure efficiency for the silver halide photosensitive material which has a high 
wavelength selecting tendency becomes stable. 

In cases where a combination of a liquid crystal shutter and a light emitting member are used as the recording 
elements 34, since a possibility to make the array in a two dimensional form is high, the combination is particularly 

35 suitable for the purposes of conducting trecording at a higher speed and recording the image in a larger size. Further, 
in cases where making two dimensional forms, it is possible to not make the total outputting speed of the image slow 
even if the exposure time for each element is made relatively long, and a discontinuing tendency in the gradation caused 
by plural times of exposure is small so that a good gradation can be obtained. Still further, since LED arrays, VFPH, a 
ferroelectricity liquid crystal shutter has a high speed switching capability, a discontinuing tendency in the gradation 

ao caused by plural times of exposure is also small so that good gradation is obtained. 

When the present embodiment is applied to a photosensitive material having a soft gradation characteristic, such 
as a silver halide photosensitive materia], the highest efficiency can be obtained, and a real density modulated image 
can be obtained by the density control in a small region by the effect of the light emitting time control so that a smooth 
pictorial image quality can be obtained. 

45 Fig. 3 shows a detailed block diagram of the printing head control section 40. Its operation will be explained as follows. 
Firstly, a multiplier 41 multiplies the image data by the correction data in order to conduct the correction of the light 
emitting characteristic obtained in the correction process section 60 as mentioned above, then the corrected image data 
is outputted to an interface 42. 

CPU 43 sets an initial count value to count pixels corresponding to one line in counter 44 through the interface 42 

so so that the counter 44 is started, and controls the demultiplexer 45 for changing the input. Upon receipt of this operation, 
counter 44 starts counting and outputs the count value to demultiplexer 45. Then, on the basis of the above count value, 
the image data (8 bits x one line) are written in a line memory 46. 

When the writing operation to write the image data of the first line in the line memory has been completed, the bit 
data of the image data of the first line are outputted sequentially from MSB to LSB from the line memory 46 to the 

55 multiplexer 48, and then transmitted to the printing head 30. On the other hand, the output passage for the image data 
of the second line is changed by the demultiplexer 45 so that the image data of the second line are written in the line 
memory 47. In such a manner, during the time period that the bit data of the image data of the current line is transmitted 
to the printing head 30, the image data of the next line is subjected to the writing operation so as to be written into a line 
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proc^arKi^ngoperat.onarerepeated.theimagedalaofeachlineare^ 

CPU *^ n,^T !T totra^ 1 Smi, thS bit d8te ° f imafle data to •» multi P 1 « xer 48 «"der the control of the 
S^lSSKi "^"f 8 ' ? 8 861 PU ' Se -BnBl e^ng °rcurt 50- When the transmitting operation™ 
tasmrt the bit data of ttie .mage data to the printing head 30 has been completed, the set pulse signal generating chtuft 

XTSnTcS^^ 0 ^ 

for S^^I'm^T'*" 51 C0UrtSan enable ^corresponding to thedensity value assigned in advance 
? 8 b * under 1,16 M <* the CPU 43 «d outputs the enable signal generating oSStS lETS 
enable agnal generating circuit 52 generates an enable signal having an enable time correspond^ MSBris fate 

TZTZrl^^ ^ ^ 01 * e 96nerafion of the 661 P" tee 8i 9»»' andTu^utTSXeprilg hS 
30 and to the CPU 43. Upon receipt of it, the CPU 43 controls the counter 49 so as to generate the next set Duteesionai 

^s^ s r^M? R e ^; e set pu,se 6i9nai ' me ***** - *• ussier 

^T^TTTJ^Z SS5 LSB for "* ' ine * 8 *** relat,n 9 to <** to the printing heal 30 
Fig. 4 shows a detailed block diagram of the correction data processing section 

the «£2 9 ™ e " SOr driVin9 SySt8m 62 C ° ndUCtS 8 li0ht receivin 9 ""W for 8 W receiving sensor 55 under 

the control of a fight receiving sensor control section 61 . That is, before the reccing onLprirting paper 2 is^S 

ZSSZ rSKST? ? f** to *• ima96 formin9 ^ 01 680,1 01 ^ three printing hST^SS 
each color and conducts the light receiving operation. At this time, the supporting drum 1 is provided Jh aa»M Z 

SK*™f *** th * «-*g sensor 55 conducte the reading'^ JJ^ESEiS £ 
emitting light sequentially for each color through the sin. 8 eceives me 

Tho.fthL 0 ! ? 6 ?' 0 ™ 0 Si9na ' 8 ° UtpUtted fr0m 4,16 li9ht receivin 9 8en80r 55 «• by the amplifying circuit 64 

«?.T^e7°^'22f? e,6CtriC Si9na ' S ^ " ^ C0nV9rt0r ^ the d * itel ara 
«Z « Ti «TS f? r? C Pr ° CeSS 18 8ppli8d 88 required 80 *■* the correction data are calculated 
tmJZ S? £ o 15"? 181)16 in ^ C0rr8Cti0n m " mo * 66 Attematively. the correction dS^SJb. 

the " nrt 8nd "** in 1,18 l00k - u P in *e correction memory 66. With the look up^blV 
the correction data corresponding to the intensity of the receiving light is outputted 

head Mb A^a a tiri 9 »S a H rt of t T^ Ut !! 9nal 0UlPUtt6d fr0m the printin9 h8ad "W section 40 to the printing 

r^inS:rcK^ 

At this time, the lime period of the enable signal of each color is as follows: 
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•r 1 IS™ k <T ?? ° r thS bi * 78,1183 for 8,1 <* the enab,e a*" 818 from M SB to LSB for an element are 

' XSJE 5 denSKy - The M is G0nduct8d for *• heads 30a artd 30c 

RP JS a **T man " 8r ' an u ce the enable signal for each bit of blue, green and red can be set to conforT X the 

szatzs may r ? ividua,y a piurai number o< times ,n *• ^of on-off iSsnssi 

continuous gradation image wrth a high resolution can be recorded on a silver halide color photosensftive material 
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the utilization of the characteristic of the silver haiide color photosensitive material without causing the apparatus to be 
complicated and at high cost. 

The difference between the high sensitivity and the low sensitivity increases due to the intermittent exposure effect 
of the silver haiide photosensitive material, resulting in that a color cross talk in exposure time can be decreased and 
s the color separation can be enhanced. For example, speaking of the high density region of the color printing paper, since 
blue is slightly exposed by the green exposure, yellow is mixed in magenta after development, thereby causing the color 
cross talk with yellow. However, in the present invention, since On-Off exposure is conducted plural times, the color 
cross talk with yellow by the blue sensitive layer can be reduced, thereby obtaining a higher image quality. 

Further, with the high contrast recording medium by the electrophotgraphy or a so-called silver developing technique 
10 such as a monochrome photosensitive material in a silver haiide photosensitive material with which a silver image is 
formed, since the spreading of a pixel is small, the image is formed with the area modulation tendency, resulting in that 
an iregularity in a unit of a pixel is observed in the image and the obtained image is unacceptable. Further, since a pixel 
does not spread and its shape is distinct, the positional deviation among yellow, magenta and cyan pixels causes Moire 
patterns. Whereby, the image quality tends to be degraded. As a consequence, it is necessary to precisely register the 
75 position of the pixels for each color. 

In contrast, in the present invention, with the so-called color developing method of forming a dye image by the 
development such as a silver haiide color photosensitive material, the spread of a pixel is widened by plural On-Off 
exposure, the density in each pixel region tends to be unified, and the irregularity in unit of a pixel decreases, thereby 
obtaining a higher quality image. Further, since it is not necessary to use a complicated apparatus to conduct a high 
20 precision positioning, the cost does not increase. In this way, with the present embodiment a continuous gradation 
recording with a higher resolution may be conducted with the utilization of the exposure characteristics of the printing 
paper 2 without causing a complicated apparatus and a high cost. 

An example in which the image output was conducted with the present apparatus wfll be indicated hereinafter. 

25 (Inventive Example 1-1) 

The correction was conducted in the following procedure in the LED array which was the red light source printing 
head 30a and an image for the evaluation was outputted. Incidentally, the following two types of images were used as 
the image for the evaluation. 
30 Image A : uniform density solid images classified into 5 stages of low density to middle density. 

Image B : an image including a relatively large figure of a person on a backgroud of gray gradation. 

1) All recording elements were controlled to emit light on the basis of the image data with which the density value 
on the printing paper 2 was expected to be approximately 1 .0. the printing paper 2 was exposed with the lights and 

35 developed so that images for the correction process were obtained. 

2) The image density data were obtained in such a manner that the density measurement was conducted in a 
printing head 30a-aligned direction on the image for the correction process obtained by the above operation by a 
density measuring device (Konica Microdensitometer PDM-5 Type BR : manufactured by Konica Corporation). 

3) Fig. 1 1 was an example of the density data obtained in the above manner. The density data became a form in 
40 which a peak was indicated for the position of each recording element. On the basis of this form, the density peak 

position (i) for each of all recording elements was detected. 

4) Several data (in this example 5 data) located before and after the peak point (i) obtained the above were summed 
up together with the peak density data so that the summed-up density data (Di) were calculated. The same calcu- 
lation was conducted for all recording elements. 

45 5) A correction value (Ci) was calculated from the density ratio of a reference summed-up density (Do: the average 
value of all summed-up density data) to the obtained summed-up density data (Di), and the correction value was 
stored in the correction memory 66. Ci ■ Do / Di 

6) The image data to be evaluated were multiplied with the correction data by the multiplier 41, and the printing 
paper 2 was exposed with the corrected image data. 
so 7) The exposed printing paper was subjected to a predetermined developing process, whereby the image data to 
be evaluated was obtained. 

(Inventive Example 1-2) 

55 The correction was conducted with the following procedure in the LED array which was the red light source printing 
head 30a and an image for the evaluation was outputted. Incidentally, the image for the evaluation was the same as that 
in Inventive Example 1-1. 
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1) All recording elements were controlled to emit light on the basis of a plurality of the image data differing in density 
v^theprrnt.ngpaperswas exposed with the Kg* and developed so that ^ 

2} The density measurment was conducted in the same manner of Inventive Example 1-1 for the Image for the 

XS** T T 0peration - 8 result - a P 1 "^ <* summed-up density differing in the 
image data value were obtained for each recording element. " 
3) A relationship between the image data value (proportional to the light amount of the recoiding element) and the 
density value was obtained for all recording elements. The inTage data value in the time of Ihesp^cWetS^ 
(tor example: density 1.0) was calculated as the light amount (Pi) from the above relationship c target aensrty 
. c ^ re ,'* 0 " value W ws calculated from the light amount ratio of a reference light amount (Po- the averaae 
value of all light amount) to the obtained light amount (Pi). 1 ™ &age 



Ci = Po / Pi 



25 



5)The correction was conducted in the same manner as Inventive Example 1-1 on the basis of the obtained cor- 
rection value (O). whereby the image data to be evaluated was obtained. (Comparative Example 1-1) 

haad JL\Z n ^rt T^l" f0 ' IOWin9 1" 00 *"* n thS ^ arrfi y red "9* «*rce printing 

*> .n^e2el2^1 1 ^ ,n ^''* * a ™9e *>r the evaluation was the same 'as that 

bySgmr^e^ 

2) The above measurement was conducted sequentially for each element by the control of the light receiving sensor 
driving system 61 on the basis of the light receiving sensor control section 61 

L1„?J!S 9 (C0 ^ °^ CU,ated fr0m *" ,uminance rat0 * me reference ,umir ™ce (Eo) to the obtained 
memZi " °" Ca ' CU ' atin9 "** * and the °° rreCti0n va,ue m sto( * •» "wSn 

30 Ci«=Eo/Ei 

4) The image data to be evaluated were multiplied with the correction data by the multiplier 41 and the orintino 
paper 2 was exposed with the corrected image data. * 9 

35 te^S^SSr m SUbj6Cted t0 * e predetermined dwel °P in 9 Process, whereby the image data to 
(Comparative Example 1-2) 

The connection was conducted in the following procedure in the LED array which was the red light source orintina 
foTfni^ 

vLLVZt2' ere 0ne ^"? in9 1 « lem8nt (i " ,h e ' ement) contro,led 10 emit a «fl w ^" the specific image data 
in^s^nsotss Umm ^' UP ^ 

2) The above measurement was conducted sequentially for each element by the control of the light receiving sensor 
dnvmg system 61 on the basis of the light receiving sensor control section 61 'gni receiving sensor 

niwfmlS^ v U ,I (Ci) was ca, ° jlated from * e '^nance ratio of a reference light amount (lo) to the obtained 

Ci = lo / li (the average light amount of all measured elements was used as lo) 

4) The correction was conducted in the same manner of Comparative Example 1-1 on the basis of the obtained 
correction value (Ci), whereby the image data to be evaluated was outputted 

t^JS^SS^' ^ ViSUa ' ^T*™ W3S COnduCted in terms of tne densitv ""^ess for Image A and in 
terms of both the density unevenness and the gradation for Image B. 
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As a result, with regard to Image A to be evaluated, Inventive Example 1 -1 showed less unevenness and a uniform 
image in terms of density in comparison with Comparative Example 1-1 and C om para t ive Example 1-2. Further, with 
regard to Image B, Inventive Example 1-1 showed a higher quality image which had less unevenness and better con- 
tinuous gradation in gradation of the background and in the person's skin in comparison with Comparative Example 1 - 

5 1 and Comparative Example 1 -2. 

With regard to Image A to be evaluated, Inventive Example 1 -2 showed much less unevenness and a much more 
uniform image with an improvement in accuracy of the correction in comparison with Inventive Example 1-1 . Further, 
with regard to image B t Inventive Example 1 -2 showed a higher quality image with much less unevenness and better 
continuous gradation in comparison with Inventive Example 1-1. 

10 In Inventive Examples 1-1 and 1-2, as the density measuring device, Konica MicrodensHometer PDM-5 Type BR, 
manufactured by Konica Corporation was used. Instead of it various types of scanners such as a flat bed scanner and 
a commercial drum scanner were used to measure the density. The same evaluation technique of Inventive Examples 
1-1 and 1-2 was conducted for the measured density. As a result the same effects were obtained. 

In Inventive Examples 1-1 and 1-2, as the reference summed-up density (Do) and the reference summed-up light 

is amount (Po), the average value of all recording elements was used. Instead of it, the maximum value or the minimum 
value among th values of all recording elements was used and the same evaluation was conducted. As a result, the 
same effects were obtained. 

In Inventive Examples 1-1 and 1-2, the image for the correction process and the image for the evaluation were 
formed on printing paper (papers including a silver halide photosensitive material). As the silver halide photosensitive 
20 material, a transparent or a serrritransparerrt printing paper, a negative film, a reversal f flm, a reversal paper, a mono- 
chrome photosensitive material, and a photosensitive material having a self-processing solution such as an instant 
photosensitive material may be used and the same effects can be obtained. 

Further, a photosensitive material on which the image for the correction process is formed may be different from a 
photosensitive material on which an image is actually formed. With regard to a point that the correction including the 
25 characteristic of the photosensitive material can be conducted, it is preferable to use the same photosensitive material. 
Still further, when necessary, the correction is conducted with the use of the obtained correction value, then the 
image for the correction process is outputted. The obtaining operation to obtain the correction value in the same manner 
may be repeated. 

30 (Inventive Example 2-1) 

The correction was conducted in the following procedure in the LED array which was the red light source printing 
head 30a and the images A and B for the evaluation were outputted. 

35 1) On condition that the two neighboring recording elements (rth and kith elements) are emitting light respectively, 
the light receiving element 55 measured the total luminance (E2i) of the two recording elements. A light receiving 
sensor large enough to measure the luminance of the two elements simultaneously was used. 
2) The above measurment was conducted for each element sequentially under the control of the light receiving 
sensor driving system 61 on the basis of the light receiving sensor control section 61 . 

40 3) In the correction data calculating section 68, the following averaging process was conducted for the measurment 
value (E2i) and the luminance (Ei) was obtained for each element 

Ei = (E2i + E2i+1)/4 

45 4) On the basis of the obtained luminance (Ei), the correction was conducted in the same way as Inventive Example 
1-1 , and the image for the evaluation was outputted. 

For the obtained image, the same evaluation of Inventive Example 1-1 was conducted. 

As a result, with regard to Image A for the evaluation, Inventive Example 2-1 showed less unevenness in terms of 
so large -pitch unevenness and a uniform image in each density in comparison with Comparative Example 1-1. Further, 
with regard to Image B, Inventive Example 2-1 showed a higher quality image with less unevenness in terms of large- 
pitch unevenness and better continuous gradation in gradation of the background and in the skin of the person in com- 
parison with Comparative Example 1-1. 

In inventive Example 2-1 , while a single set of sensors was being moved along the array, the measurment for each 
55 element was conducted. However, if plural sets of sensors are used, the same effects can be obtained. Further, if a 
sensor array such as a linear CCD is used and the measurment is conducted without moving the sensor, the same 
effects can be obtained. 
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Further, the luminance (Ei)d each elemertwflQnfvto^K ^ 
w*e, m. same etas can 6e etamed " MmU * »•'<»*>*«« process sued as > -enter 

(Inventive Example 2-2) 

ment values (Elffl. E2fl). E3Q). E4 0 ». 7* 00 *• *">* <* *• 

^^^^ B ^ nfl Pr0C6SSes ^ ducted: 

R20) = (E2fl)-(E1 (j)+El (j+1)))/(E1 (j)+E1(j+1)) 
R30) = (E3fl)-(E 1 fl-1)+E 1 (j)+El (j+1)))/(E1 Q-1 J+E1 fi) «E10tl» 

Each of light amount change rates R2m t=rcm on* da 
40 ««« Nation so as to obtain A(2), Afsfand A^ ° 10 ** f 69reS8i0n P rocess •* * second 

R2(X) = A(2)xX 2 + B(2)xX+C(2) 
45 R 3(X) = A(3)xX 2 + B(3)xX+C(3) 

R4(X) = A(4)xX 2 +B(4)xX+C(4) 

R128(X) = A(128)xX"2 + B(128)xx7S in* P ^V"™" 9 ' i9h1 ' me "S* a ™«"t change rate 

°<->>--^^ 

The correction valup (raw w »u~ J . ' v ' were Inus obtained. 

0: element No. in the chip) ja+^i*sj. 



30 



35 



j = 1 to 32 C(i) = 1/(ElQ)xRl28k(32)) 
j = 33to96C(i) = 1/(E1(j)xRl28kO)) 
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j = 97 to 128 Cfi) = 1/(E1fflxR128k(97)) 

5) The above correction value was obtained for each chip, whereby the correction value (Ci) was obtained for each 
element and stored in the correction memory 66. 
5 6) On the basis of the obtained correction value (CO, the correction was conducted in the same way of Comparative 
Example 1-1. and the image for the evaluation was outputted. 

For the obtained image, the same evaluation of Inventive Example 1 -1 was conducted. 

As a result, with regard to Image A for the evaluation, Inventive Example 2-2 showed less unevenness even in terms 
w of small-pitch unevenness and a more uniform image in each density in comparison with Inventive Example 2-1 . Further, 
with regard to image B, Inventive Example 2-1 showed a higher quality image with less unevenness in terms of smaller- 
pitch unevenness and good continuous gradation in the gradation of the background and in the skin of the person in 
comparison with Inventive Example 2-1 . 

In Inventive Example 2-2, with the calculating process, the luminance of a single recording element was obtained 
is on the condition that all elements in the chip were emitting light simultaneously. However, the luminance of a single 
recording element may be obtained on a similar condition of an actually image-outputting condition that plural eiemetns 
in the chip are emitting a light simultaneously. As a result, the same effects can be obtained 

Further, the type of the calculating process is not limited to above example. With a proper calculating process in 
accordance with the characteristic of a used-array light source, the luminance of a single recorcOng element may be 
20 obtained on condition that plural eiemetns in the chip are emitting a light simultaneously, whereby the same effects can 
be obtained. For example, for the portion to be subjected to the regression process with a second order function or a 
natural logarithm function, a proper function may be used in accordance with the characteristic of the used array light 
source. 

Still further, the correction value (Ci) for each element was obtained by subjecting the measumerrt value obtained 
25 on condition that No. 2, 3, 4 neighboring elements were emitting a light simultaneously to the calculating process with 
the use of the measurment value obtained on the condition that a single element was emitting light. However, by obtaining 
the correction value (Ci) for each element by subjecting the mesurement value obtained on the condition that plural 
elements are emitting light simultaneously to the calculating process with the use of the measurment value obtained on 
the condition that a single element was emitting light, the same effects can be obtained. 

30 

(Inventive Example 3) 

The correction was conducted in the following procedure in VFPH in which yellow filter being the green light source 
printing head 30b was arranged, and images A and B for the evaluation were outputted. 

35 

1 ) On condition that all recording elements were emitting light, the light receiving element 55 measured the luminance 
(Ei) of a single recording element (ith element). The light receiving element was sheltered with the aperture so as 
not to receive a light from the other element and a sensor capable of measuring only a light from a pixel to be 
measured was used. 

40 2) The above measurment was conducted for each element sequentially under control of the light receiving sensor 
driving system 61 on the basis of the light receiving sensor control section 61 . 

3) On the basis of the obtained luminance (Ei), the correction was conducted in the same way as Comparative 
Example 1 -1 , and the image for the evaluation was outputted. 

45 For the obtained image, the same evaluation of Inventive Example 1 -1 was conducted. 

(Comparative Example 3) 

The correction was conducted in the following procedure in VFPH in which yellow filter being the green light source 
so printing head 30b was arranged, and images A and B for the evaluation were outputted. 

1) On condition that only a single element was emitting light, the light receiving element 55 measured the luminance 
(Ei). 

2) The above measurment was conducted for each element sequentially under control of the light receiving sensor 
55 driving system 61 on the basis of the light receiving sensor control section 61 . 

3) On the basis of the ontained luminance (Ei), the correction was conducted in the same way as Comparative 
Example 1 -1 , and the image for the evaluation was outputted. 
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^^^^ JZ^rtJ^* ^ lnV6rrtVe ^ 3 showed a high quality 

ess unevemess, unrfbrm and good continuous gradation in comparison with Comparative Exarr^e 3. 

(Inventive Example 4-1) 

aWuefiKerbeingthe^^^^ 
TheconectionwasconourtedforthepriZgh^ 

the image for the evaluation was outputted. ** 8ame ^ 88 lnventive Exam P'e 1-2. and 

(Comparative Example 4-1) 

» (Inventive Example 4-2) 
(Comparative Example 4-2) 

«*k» ^lessineraTOKMbM^S^! .T? ' '™ mm « a""* • NOher cuajltv image 

niPR tha romKi^^^u.. ' ^a 8 ^ measurement and the luminance measurpmont ui«« M 1 

rneasu;^^^ 

In the above Examples the oo™Sn^SIT^? 1 ^ m ^™' be,nco 'Poratedintotheimageforming apparatus 
^ngme.od.n?.^^^ 

terms of light emission characteristics srZ a^Sy^ e,emert in *• array in 

correction value was obtained in advance with mTu^TaWoth^T ^ctensftcs .n the seme type of array, the 
be conducted with the use of the correct iTZ Zl ? If 8ame type ' and then *>* may 
with which the correction value is obtained ^' 3/ to * COrrecled be fr <™ the array 

with the use of the muKi value type light source SSI s StTnTi ^ • 0urea Howwer ' 

technique in which an enable signal of doubled exoo3*^ ?Z accordance ««h it. For exampie, a 

of controlling 16 levels (4 bits) so that^ 

appropriate enable ZSSS^^J^^^"^ ? 256 ^ S ™* * "rSTJn 
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In this embodiment since the interval between the enable signals is set not smaller than 2 jis, the inf luence of the 
history of the light emission causal by the previous enable signal can be reduced, the gradation characteristics can be 
controlled by the time period of the enable signal. 

In case that the interval time is shorter than 2 \is, the physical condition of the recording element or the photosensitive 
5 material between the previous light emission and the next light emission does not follow completely to On-Off operation 
due to its characteristics. As a result, the above physical condition becomes closer to the condition that light is contin- 
uously emitted, a stand-up pattern of the emitting light of the recording element may differ from that of ordinary cases 
due to the influence of the physical change (including a change in temperature) caused by the previous iigh emission, 
or there may be fear that the fluctuation in the uncontrolabe exposure effect may appear. In the case that the interval 
io time is not shorter than 2 |xs, the above influence becomes extremely small. 

Fig. 6 is a view showing the size of pixels to be exposed on printing paper. 

Light emitted from each element of the recording element array 34 is focused on the printing paper 2 through a 
Selfoc lens array 35. Now, with respect to the arranging direction of the recording element array 34. the exposure size 
of each pixel is defined as "a" and the recording pitch is defined "b". On the other hand, with respect to the vertical 

15 direction (a scanning direction), the exposure size of each pixel is defined as "A" and the recording pitch is "B*. in 
condition of the above definition, an experiment was conducted in order to investigate the influence on the image quality 
by the exposure size and the recording pitch. A correction amount in the exposure amount of each recording element 
was obtained in the mannner of the Inventive Examples 1 -1 through 4-2. 

Initially, the exposure size and the recording pitch of each recording element array 34 was set as indicated below, 

20 and a wedge pattern with the gradation of 0 to 255 was exposed and outputted for each color using the method explained 
in Fig. 5. 







Red 


Green 


Blue 


Arranging Direction: 


Exposure Size (a) 


55 


50 


50 




Recording Pitch (b) 


62.5 


62.5 


62.5 


Scanning Direction: 


Exposure Size (A) 


35 


35 


35 




Recording Pitch (B) 


62.5 


62.5 


62.5 


(unit: fim) 



As a result, as shown in Fig. 8, with regard to the wedge of magenta by the green exposure, the wedge of cyan by 
the red exposure and the wedge of yellow by the blue exposure, the test result that the density characteristics were 
equal and that smooth continuous gradation was reproduced were respectively obtained. 

Further, the exposure size and the recording pitch in relation to the arranging direction were changed as indicated 
ao below and the exposure size and the recording pitch in relation to the scanning direction were set to the same conditions 
as above. 







Red 


Green 


Blue 


Arranging Direction: 


Exposure Size (a) 
Recording Pitch (b) 


40 

62.5 


35 
62.5 


35 
62.5 


(Unit:^m) 



In this case, discontinuous gradation was observed in low density portions and maximum saturated density became 
a slightly lower density than solid black due to the presence of the irregular white. 
55 Further, the exposure size and the recording pitch in relation to the arranging direction were changed as indicated 
below and the exposure size and the recording pitch in relation to the scanning direction were set to the same condition 
as above. 
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Arranging Direction: 


Exposure Size (a) 


82 


82 


82 




Recording Pitch (b) 


62.5 


62.5 


62.5 


(Unfcjim) 







75 



Still further, the exposure size and the recording pitch were changed as indicated below: 



20 



25 
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Arranging Direction: 


Exposure Size (a) 


55 


50 


50 




Recording Pitch (b) 


62.5 


62.5 


62.5 


Scanning Direction: 


Exposure Size (A) 


15 


12 


12 




Recording Pitch (B) 


62.5 


62.5 


62.5 


(unit: jtm) 







Still further, the exposure size and the recording pitch were changed as indicated below: 
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Exposure Size (a) 
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75 


75 




Recording Pitch (B) 
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62.5 


62.5 


(unit: jim) 
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Further, the exposure size and the recording pitch were set as indicated below: 







Red 


Green 


Blue 


Arranging Direction: 


Exposure Size (a) 


55 


50 


50 




Recording Pitch (b) 


62.5 


62.5 


62.5 


Scanning Direction: 


Exposure Size (A) 


35 


35 


35 




Recording Pitch (B) 


62.5 


62.5 


62.5 


(unit: urn) 



15 

On the above condition, the experiment was conducted in such a manner that the ratio C of the time period from 
the starting of the light emission to the ending of the light emission for one line to the recording time cycle for the one 
line was changed to 4 cases as indicated below: 

(a) C 0.18, (b) C = 0.3, (c) C = 0.68, and (d) C * 0.8 
20 The following test results were obtained: 

In the case of (a), irregular white occured in a high density portion and the maximum saturated density was slightly 
lowered. In the case of (b), the depicting capability for fine patters were lowered. On the other hand, in the cases of (c) 
and (d), a smooth continuous gradation was obtained without the above problems. 

As can be seen from the above results, with the recording conducted so as to satisfy the relationship of 
25 0.8 s (A/B + C) s 1 .3 , continuous gradation characteristics could were obtained. 

Moreover, an enable signal was changed in accordance with formula (2 n T+t) in the generating section of the enable 
signal for each color, wherein Yf is either 0, 1 . 2. .. .or 7 and represents bit No. of a digital value in the case that the time 
period of the enable signal was converted into a digital value in accordance with the gradation of the image data, T is 
a unit of time, and T is a time constant of either positive or negative value. 

30 



35 



40 



45 





t=3 


t=5 


t=8 
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MSB 


1539 


2565 


5128 


2nd bit 


771 


1285 


2568 


3rd bit 


387 


645 


1288 


4th bit 


195 


325 


648 


5th bit 


99 


165 


328 


6th bit 


51 


85 


168 


7th bit 


27 


45 


88 


LSB 


15 


25 


48 


(Unit: \is) 





In this case, since the time period of the enable signal could be adjusted individually for each signal for each count 
value as shown with the wedge density characteristics of magenta by the green exposure in Fig. 9, each measuring 
point could be made continuous or equal so that smoother gradation recording could be conducted. Incidentally, with 
regard to the cyan wedge by the red exposure and the yellow wedge by the blue exposure, the same results as above 
55 were obtained. 

As indicated above, in a conventional technique, a neutral color balance was slightly changed depending on the 
density due to the discontinuity in gradation depending on the responding characteristics of the recording element and 
the characteristics of the photosensitive material. However, in the embodiment of the present invention, the gradation 
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^ Rg. 7isaiiming chart showing another embodiment for the output signal from the printing head controlling serton 
In this emodiment. there is provided a "n" orter cunter (for example V = 256 in the case of 25s n^tatin^ 

density characteristics by the green exposure in Rg 10 was otoin* "* W6dge 



For green 


Counter value 


Period 


0 


1x14.5 *is 


1 


(10 001 -l)x14.5fis 


2 


(10 0 02 -10 0 01 )x14.5jis 


3 


(10 003 -10 0 °2)x14.5n6 


i 


(10 001i -10 ooi r-i))x14.5ns 


255 


(10 2S5 -10 2 - 54 )x14.5|iS 
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For blue 


Counter value 


Period 




0 


1x8.7 |is 




1 


(10 a01 -1)x8.7|is 


TO 


2 


(10 002 -10 0 01 )xa7|is 




3 


(10 0 03 -10 a02 )x8.7|ts 


15 


i 


(10 o.oii. 10 o.oia-i) )x87(ls 


20 


255 


(10 255 -10 254 )x8.7|is 



For red 


Counter value 


Period 


0 


1x29 us 


1 


(10 001 -1)x29*is 


2 


(10°- 02 -10°- 01 )x29*is 


3 


(10 0.03 . 10 0 02 )x29fls 




(10 o.oii. 10 o.oi(M) )x29fls 


255 


(10 255 -10 254 )x29fis 



Incidentally, with regard to the cyan wedge by the red exposure and the yellow wedge by the blue exposure, the 
same test results were obtained. As mentioned above, according to the present emodiment, since the width of the enable 
signal can be freely changed, the gradation can be adjusted in accordance with the output characteristics of the apparatus 
so and the characteristics of the photosensitive material. 

Further, in the time period necessary from the start of the light emission to the end of the light emission for one line 
during which the exposure was conducted while the shift and stop of the printing paper was repeated, the test was 
conducted by changing the ratio "r t " of the time period of the shift was changed to 50 % and 30 %. In the time of "r t " = 
30 %, an irregularity was observed in the image. On the other hand, in the time of V = 50 %, the density in each pixel 
55 region was unified, no irregularity was observed, and further, the density in each pixel region did not become the saturated 
density from the low image density level. Accordingly, test results that the responding ability for the gradation was 
improved so as to attain good gradation was obtained. 

As explained above, with Structure 1-1, 1-2, 2-1 or 2-2, on the condition that a plurality of recording elements are 
driven and that the recording condition is close to an actual image recording condition, a light amount is obtained and 
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whe ? )y l en8lt y Ferness caused by the deviation in the light emission characteristics of 
each i recocting element can be reduced, a high resolution continuous gradation image can be obtained and a Woh 
quality image can be formed, without resulting in a complicated expensiveapparatiT 9 

uTT™^^ 

With Structure 4, since the relationship between the light emission time and the density in the case of Dlural time 
h! eXP ° 6Ure iS COndUCted M toes is obtained and *• ^ecti^Ts Sn^SjStS 
wTC^t mmated H , m " e ^ a far better image with less density unevenness can be obtaX 

eonrXSEZ^ ^ ^ 0btain6d 0n the actual ima 9 e caSE?*. 

?; add J hoa dmsrt y ""evenness can be reduced so that the high image quality can be obtained 

iJZ SEES hS^^T"" 1 ? *** 6,emem *»«"• 8 ^ *^ inn^sTS 
« S £ ? ^ , ^ 10 the unevenness 01 a lar 9e pitch, so that a high quality image can be obtained 
mJE^S? r ^ 9W measuremert * a si "9' e «'« m ent * conducted on condition that p.ural SSSng ele- 
ments^ em.tt.ng hght. a correction vaJue can be calculated far more precisely, so that a high quality image Z be 

nho^nS™! 8 ' r 6 **!? mea " S ^ tor *"* recordin 9 P ,UI *' *™s for the saver halide 

photosens,bve material in accordance with the time period of the enable signal. Accoidingly, continuous oiadatfonrett^ 

Z7»£ " ^ 3 hi9h qUa,Hy ima96 ^ * ^ ^ «*■ tSeCr toTco^S 

bSZSlUS ? I*" 6 a/er * *• 8i,V6r haHde ^ t**""""* material, a continuous gSS 
SZZJZ^ IT? be u recorded on 1he "alide ~lor photosensitive material with the utilization of to 
chuactenst.es of the s,lver halde photosensitive material without causing the apparatus to be complicated aS Is l hij 

i^i Snr^^! ^k 66 " "5 ^ "»* and the color cross ta3£ 

is coZs^ol a liZ' 2^J22? * reC0,din9 d f r " te arran9ed an aTOy form 01 8 lina • I*- 'ines 
arSTd^S^eS 

in th«ir*h.ZZZ^ — u"" W "°" UB M>'«^ e nsnive material lends to cause the density unevenness greatly due 

?52TS2 SmT^f ? by *• P,Ural time expOSUres or *■ intermittert W» effect 
fer ml^Zr^^S ' ^ e thBdensrt y ""evenness is improved appreciably, the effect of the present invention 

W^ZT^T T eria ' iS 9reater and lhe developin ° P rocess <*" be conducted at a high £ee? 

meS^tcVcin^ 

. ™* f* ucture 1 5' 8ince time P«W of «ie enable signal can be adjusted finely, the gradation charcteristics can 
be adiustedm accordance with the output characteristics of the apparatus cnarctenst.es can 

iSSHSl fS? reS !?' 17and 18 ' ^continuous gradation characteristics can be obtained. 
so incas^e^ '"addition, 
Lr^hT ™ 6 ^? • IS t COnducted me shrftin 9 IS conducted, the unevenness receding caused in accord- 
ance wrth the spread of dod in the time of area modulation can be reduced 

hn , ,S?^ e 2 °' Sin f th6 eXp ° SUre is coveted while the shifting is conducted, the density in the dot reoion can 
be unrfied and the responding ability in the gradation control can be improved. «y«nmeaotreg.oncan 

55 Claims 

1 . A method of forming an image on a silver halide photosensitive material with a plurality of exposing elements aliened 
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obtaining light amount data for each exposing element on the condition that plural pieces of exposing elements 
are being driven; 

obtaining a correction val ue for an exposure amount of each exposing element on the basis of the fight amount 

data; 

5 correcting the exposure amount of each exposing element on the basts of the correction value; and 

forming the image on the silver hatide photosensitive material in such a manner that the plurality of exposing 
elements are driven so as to conduct the On-Off exposure plural times in accordance with image data. 

2. The method of claim 1, wherein the plural pieces of exposing elements driven in the step of obtaining the light 
10 amount data are the same kind of the exposing element to be obtained the light amount data. 

3. Trie method of claim 1, wherein, in the step of the obtaining the light amount data, the silver halide photosensitive 
material is exposed by the plural pieces of exposing elements and the light amount data are obtained by measuring 
the density of the exposed photosensitive material. 

15 

4. The method of claim 3. wherein the relation between the density data and the light amount data is so obtained that 
the density data of each exposing element is converted into the light amount data and the correction value of the 
exposure amount of each exposing element is obtained from the fight amount data. 

20 5. The method of claim 1 , wherein the plural pieces of the exposing elements are driven simultaneously so as to emit 
lights and the exposure amount is measured so as to obtain the light amount data. 

6. The method of claim 5, wherein the correction value for the exposure amount of each exposing element is obtained 
with the use of both the light amount data and a single light amount of each exposure element which is obtained by 

25 measuring an exposure amount on the condition that the exposing elements are driven one by one so that only a 
single element emits a light. 

7. The method of claim 5, wherein the light amount data is obtained by measuring an exposure amount of each exposing 
element. 

30 

8. The method of claim 1 , wherein the image forming step comprises 

storing the image data in latch means for each line of pixels. 

generating an enable signal by enable signal generating means for every time when the image data is latched 
by the latch means, wherein the enable signals are converted into a combination of the same or different time width 
35 in accordance with the image data, 

driving each of the exposing elements respectively by the driving means on the basis of the enable signal 
generated so as to conduct the On-Off exposure plural times in accordance with the time width of the enable signal. 

9. The method of claim 8, wherein the driving means conducts the On-Off exposure plural times in accordance with 
40 the time width of the enable signal so that the length of the total recording time period of each exposing element 

set by the enable signal generated by the enable signal generating means corresponds to the gradation of the image 
data, and 

wherein the image is formed by a recording head composed of the exposing elements with which a plurality 
of color light corresponding to the plurality of photosensitive layers differing in color-sensitivity of the silver halide 
45 color photosensitive material are controlled. 

1 0. The method of claim 9, wherein the recording head is composed of at least one of a LED array, a vaccuume fluo- 
rescent tube array and a liquid crystal shutter array. 

so 11. The method of claim 8, wherein the exposing elements conducts the exposure for a color photographic printing 
paper of a silver chloride photosensitive material so that the image is formed. 

12. The method of claim 8, wherein each time width of the enable signal is converted into mufti-valued digital value in 
accordance with the gradation of the image data, the driving means changes each time width sequentially in accord- 

55 ance with the weight of each bit in the time that the digital value is represented in binary number and drives each 
exposing element individually so as to conduct the On-Off exposure. 

13. The method of claim 8, wherein the driving means drives each exposing element indiviually so as to conduct teh 
On-Off exposure with each time width of 2"T+tof the enable signal, wherein V is either 0, 1, 2, ■ • • which is 
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a bit number in the time that each time width of the enable signal is converted in a digital value in accontence with 
the gradation of the image data, T is a unit time, T is one of a negative and positive predetermined time. 

14. The method of claim 8. wherein each time width of the enable signal generated is made a constant, and the driving 
means drives each recording element individual so as to conduct the On-Off exposure by the number of times of 
the value of the image data. . 

15. The method of claim 14, wherein the enable signal generating means changeaWy-sets the constant time width of 
the enable signal generated by stages. 

16. The method of claim 8, wherein the plurality of recording elements are aligned in the array form of a singl line or 
plural lines, the ratio of the exposure size of a single recording element in the aligned direction to the recording Ditch 
m the aligned direction is 0.7 to 1.2. y ^ 

1 7. The method of claim 1 6, wherein the ratio of the exposure size of a single exposing element in the vertical direction 
with regard to the aligned direction to the recording pitch in the vertical direction with regard to the aligned direction 
is 0.3 to 1 .0. 

18. The method of claim 16, wherein the exposure size of a single exposing element in the vertical direction with regard 
to the aligned direction is defined as "A", the recording pitch in the vertical direction with regard to the aligned 
director, is defined as "B", and the ratio of the time period from the start of light emission to the completion of the 
light emission fora single linetothe recording time cycle forthe single line isdif lend as "C", the recording is conducted 
so as to satisfy the following formula: 

0.8 s (A/B + C) s 1.3 

19. The method of claim 8. wherein in the time of the gradation recording conducted by stages, an interval time period 
between each enable signal in which the enable singal, is in a rest condition is set more than 2 micro seconds. 

20. The method of claim 8, further comprising shift control means tor conducting a shift control in such a manner that 
a shift and stop of the silver haiide photosensitive material is repeated in the vertical direction with regard to the 
IS^ 9 ? 0 " 01 the exp08i " 9 elements ' «* * e rec °««n3 « conducted with the use of the exposure more than 
50 % of the time penod from a start of exposure to a completion of exposure of the exposing elements for a single 
line wh.le the silver haiide color photosensitive material is shifting on the basis of the shift control by the shift control 

35 means. 

21 . An apparatus for forming an image on a silver haiide photosensitive material, comprising 
a plurality of exposing elements which are aligned in the form of at least a single line, each exposing element 

driven so as to conduct an On-Off exposure independently, y 

control means for obtaining light amount data for each exposing element on the condition that plural pieces 
o exposing elements are being driven, for obtaining a correction value for an exposure amount of each exposing 
elemert on the basis of the light amount data, and for correcting the exposure amount of each exposing eJemerrt 
on the basis of the correction value; and 

the plurality of exposing elements conducting the On-Off exposure plural times in accordance with image dat 
so that the image is formed on the silver haiide photosensitive material. 

22. The apparatus of claim 21, wherein the plural pieces of exposing elements driven for obtaining the light amount 
data are the same kind of the exposing element to be obtained the light amount data. 

50 ^ (tete aPParatUS ° f dalm 21 ' Wherein the tlme ¥Mh 01 the 0nOff ^sure are modulated in accordance with image 
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